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ABSTRACT 


Studies  were  undertaken  to  determine  the  mutagenic  activity  of  beef 
that  had  been  thermally  processed,  frozen,  electron- Irradiated,  and 
gamma-lrradlated.  The  Ames  Salmonella/mammallan  mlcrosome  muta¬ 
genicity  assay,  with  several  modifications,  was  used.  Considerable 
difficulties  In  performing  the  test  and  Interpreting  the  results 
were  encountered.  Experiments  conducted  showed  that  on  some 
occasions  up  to  SOT  of  the  apparent  revertants  were  not  true  re- 
vertants.  The  meats  contained  water-soluhle  growth  factors,  par¬ 
ticularly  histidine,  which  apparently  supported  greater  than  normal 
growth  and  macrocolony  formation.  Subsequently,  the  level  of  histidine 
In  the  media  was  reduced  by  an  amount  equal  to  that  contributed  by 
the  meats.  Also,  extracts  of  the  meat  were  substlttited  for  whole 
meats  as  test  material  for  evaluation.  Particulate  matter  from 
the  whole  meats  made  automated  colony  counting  Impossible  and  com¬ 
plicated  manual  counting.  Data  collected  failed  to  demonstrate 
that  any  of  the  meats  or  processing  techniques  produced  mutagens. 

It  was  concluded  that  the  test  had  limited  applicability  to  whole 
food  Items  and  that  the  use  of  thermally,  frozen,  electron-irradiated, 
and  gamma-lrradlated  processing  does  not  Induce  mutagenic  potential 
In  beef. 
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INTRODUCTION 


The  testing  of  thermally  processed,  frozen,  electron-irradiated 
and  gamma-irradiated  oeef  using  the  Ames  assay  was  specified 
the  protocol  entitled,  "Animal  Feed  Protocol  for  Irradiation 
Sterilized  Test  Feeds",  prepared  by  the  Office  for  the  Whole¬ 
someness  of  Irradiated  Foods,  U.S.  Army  Medical  Research  and 
Development  Command,  dated  21  October  1975  (1).  Modifications  to 
the  standard  Ames  assay  were  directed  by  staff  members  of  the 
Food  and  Drug  Administration  at  a  meeting  on  11  July  1978  in 
Washington  D.C, 

Test  meats  were  supplied  by  the  U.S.  Army  NaticV,  Research  and 
Development  Command,  Natick.  They  were  from  lots  prepared  and 
processed,  September  1977  in  accordance  with  the  basic  protocol(l). 
Processing  procedures  are  summarized  below.  Beef  carcasses  were 
dehoned  and  defatted  using  normal  commercial  procedures  and  cut  into 
chunks  weighing  between  0.125  lb  and  1.5  lb.  For  each  100  lb 
of  meat  0,75  lb  of  NaCl,  0.375  lb  of  NaPO, ,  and  3  lb  chopped  Ice 
was  added;  and  then  mixing  occurred.  After  mixing,  the  beef  was 
stuffed  into  easy-peel  casings.  The  beef  was  enzyme  Inactivated 
at  68-74C.  The  beef  was  canned  for  all  processes  except  for  the 
electron-irradiated,  in  which  case  the  meat  was  flexibly  packaged. 
Thermal  processing  was  done  at  a  sterilization  value  of  not  less 
than  5,8  at  the  slowest  heating  spot  in  the  can.  The  frozen  beef 
was  maintained  at  -18  to  -40C  from  time  of  production.  The  gamma- 
irradiated  beef  was  irradiated  in  the  U.S.  Army  Natick  Research  and 
Development  Command  Cobalt-80  facility.  The  dose  range  was  4.7 
to  7.1  million  rads  (Mrad) .  The  electron -irradiated  beef  was 
irradiated  in  the  U.S.  Army  Natick  Research  and  Development  Command 
linear  accelerator.  The  electrons  were  delivered  in  pulses  of 
approximately  180  pulses  per  second.  The  electron  energy  spectrum 
was  allowed  to  peak  between  9  and  10  million  electron  volts  (Mev) 
during  irradiation  of  the  beef  with  a  full  width  of  half  maximum 
of  0,5  Mev  or  less. 

Within  the  last  few  years,  the  use  of  microbial  systems  to  screen 
substances  for  mutagenic  potential  has  received  considerable  attention. 
Test  procedures  using  the  yeast,  Saccharomyces  cerevlsiae,  the  fungus 
Neurospora.  and  the  bacteria  Salmonella  typhimurium  and  Escherichia 
coll  have  been  developed.  Of  these  procedures,  the  Salmonella/ 
mammalian  microsome  mutagenicity  assay,  developed  by  Ames  and 
co-workers(2) ,  has  been  used  moat  extensively.  This  assay  has 
demonstrated  an  approximate  90%  accuracy  in  the  prediction  of  a 
variety  of  carcinogenic  chemicals  as  mutagens.  It  is  equally  accurate 
in  predicting  that  a  non-mutagenlc  compound  is  non-carcinogen ic. 
Mutagens  identified  by  this  assay  range  from  flame  retardants  used 
(n  fabrics  to  cigarette  smoke  condensate. 
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The  short  term  mtjtagenesis  assay  developed  by  Ames  et  al  (2)employs 
five  mutant  strains  of  Salmonella  typhlmurlum  designated  TA9B,  TAIOO, 
TA1535,  TA1537,  and  '^A1538.  t'ue  to  a  specific  mutation  in  the  histi¬ 
dine  operon,  these  strains  are  unable  to  grow  In  the  absence  of  histi¬ 
dine.  IThen  grown  on  media  containing  a  level  of  histidine  sufficient 
for  a  few  cell  divisions,  only  cells  able  to  revert  to  histidine 
independence  are  able  to  form  colonies  easily  visible  against  the 
background  lawn.  Kach  of  these  mutant  strains  has  a  fairly  constant 
rate  of  spontaneous  reversion;  however,  the  mutation  frequency  is 
significantly  Increased  when  a  chemical  mutagen  is  added  to  the  system. 

In  addition  to  the  previously  described  mutation  within  the  histidine 
operon,  the  five  tester  strains  contain  additional  mutations  to 
Increase  their  usefulness  in  the  assay.  All  strains  contain  the 
rfa  mutation  which  results  In  Increased  permeability  of  the  cell 
wall  allowing  the  entrance  of  more  substances.  All  of  the  tester 
strains  contain  the  uvrB  mutation  which  results  in  defective  excision 
repair  of  damaged  Fil’A  molecules.  This  mutation  enhances  the  sensi¬ 
tivity  of  the  strains  to  some  mutagens.  By  Incorporating  all  five 
tester  strains  into  each  assay,  the  type  of  mutation  can  be  dis¬ 
tinguished.  Strain  TA1535  is  for  detection  of  mutagens  causing 
base-pair  substitutions.  Strains  TA1537  and  TA1538  are  for  detection 
of  frameshift  mutagens.  Strains  TA9B  and  TAldO  were  derived  by 
the  addition  of  a  plasmid  to  strains  TA1538  and  TA1535,  respectively. 
Carriage  of  this  plasmid  makes  these  two  strains  more  sensitive  to 
certain  mutagens  in  addition  to  providing  resistance  to  amplclllin. 

Some  mutagens  are  inactive  unless  they  are  metabolized  to  active 
forms.  Induced  liver  enzymes  possess  the  capability  of  metabolizing 
many  of  these  compounds  to  their  mutagenic  form.  For  this  reason, 
a  mammalian  microsomal  activation  system  prepared  from  rat  liver 
is  included  in  the  test . 

Of  the  three  formats  for  performance  of  the  assay,  the  one  most 
frequently  used  is  the  plate  incorporation  procedure.  This  is  a 
quantitative  test  run  by  combining  the  test  substance  with  about 
10^  bacteria  and  rat  liver  homogenate  in  2  ml  of  molten  0,67!  agar 
containing  0,5  histidine  and  0,5  iiM  biotin.  The  mixture  is 
poured  onto  the  surface  of  a  minimal  glucose  agar  plate  and  hardens 
as  a  thin  overlay.  Plates  are  subsequently  Incubated  at  37C  for 
48  hours.  Since  the  medium  contains  a  limited  supply  of  histidine 
and  biotin,  the  entire  population  undergoes  only  a  few  divisions 
before  the  supply  is  exhausted  and  cell  division  ceases.  From  this 
point  on,  only  cells  that  have  reverted  or  are  capable  of  reverting 
to  histidine  Independence  will  grow  and  produce  macroscopic  colonies 
on  the  plate  during  the  incubation  period.  These  revertant  colonies 
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are  scored  and  their  number  is  compared  with  the  number  of  spontaneous 
revertants  for  the  strain  being  used.  Tf  the  number  of  revertants 
produced  by  the  test  substance  Is  twice  that  of  the  spontaneous  re¬ 
version  rate,  the  test  is  considered  positive. 

The  spot  test  procedure  is  a  qualitative  test.  In  this  modification, 
test  substance  is  placed  on  the  surface  of  a  minimal  glucose  agar 
plate  already  containing  the  agar  overlay  with  the  test  organism  and 
microsomal  activation  system.  The  test  substance  diffuses  into  the 
agar  setting  up  a  concentration  gradient.  Revertant  colonies  sur¬ 
rounding  the  spotted  chemical  constitute  a  positive  test.  TIse  of 
this  procedure  is  limited  to  compounds  which  diffuse  readily. 

The  liquid  prelncubatlon  procedure  was  developed  for  use  with  compounds 
which  do  not  readily  diffuse.  In  this  case,  the  test  solution, 
microsomal  activation  system  and  bacterial  culture  are  combined  in 
sterile  tubes  and  incubated,  with  shaking,  at  either  37C  for  20 
minutes  or  30C  for  30  minutes.  Following  this  pre-incubation, 
top  agar  is  added  and  the  tube  contents  are  poured  onto  the  surface 
of  a  minimal  glucose  agar  plate,  allowed  to  harden  and  Incubated  for 
48  hr  at  37C  before  revertants  are  scored. 

Included  with  the  performance  of  each  assay  are  several  controls. 

Before  any  substance  is  tested,  certain  quality  controls  are  run 
on  the  bacterial  strains  to  establish  the  validity  of  their  special 
features  and  also  determine  the  spontaneous  reversion  rate(l) .  Since 
this  was  the  initial  use  of  the  Ames  assay  by  this  laboratory,  his¬ 
torical  strain  data  are  not  available. 

Since  the  plasmids  in  strains  TA98  and  TAIOO  contain  ampicllllp  resis¬ 
tant  markers,  we  can  expose  the  bacteria  to  this  antibiotic  and  prove 
the  existence  of  the  plasmid  when  growth  occurs.  The  removal  of  the 
llpopolysaccharlde  layer  allows  uptake  by  the  Salmonella  of  larger 
molecules.  Therefore  if  a  disk  previously  soaked  in  crystal  violet 
dye  is  placed  onto  a  plate  containing  any  of  the  bacterial  strains, 
a  zone  of  growth  inhibition  will  be  evident  around  the  disk.  Because 
the  Salmonella  can  now  admit  the  dye,  and  since  it  is  toxic  to  meta¬ 
bolism,  the  organisms  are  killed.  The  absence  of  excision  repair  can 
be  determined  using  ultraviolet  (TRf)  light.  Since  these  repair  systems 
function  primarily  by  excising  photodimers  between  pyrimidine  bases, 
exposure  of  the  bacteria  to  W  will  activate  the  formation  of  these 
dimers  and  thus  cause  cell  lethality,  since  repair  cannot  be  made.  In 
order  to  prove  that  the  bacteria  are  responsive  to  the  mutation  process, 
positive  controls  are  run  with  a  known  potent  mutagen.  If  a  large 
number  of  revertants  are  obtained,  after  exposure  to  the  positive  control 
substance,  we  are  assured  of  the  bacteria's  responsiveness. 
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Sterility  controls  are  also  run  to  determine  the  presence  of  contami¬ 
nation  and  to  monitor  the  density  of  background  lawn  growth.  Quality 
control  is  also  confirmed  in  each  of  the  dilutions  used,  both  acti¬ 
vated  and  nonact Ivated ,  The  verification  of  the  tester  strains  occurs 
spontaneously  with  the  running  of  each  assay.  Since  the  conclusions 
are  based  on  the  spontaneous  reversion  rate  as  compared  to  the  chemi¬ 
cally  induced  rate,  values  are  run  for  this  using  the  same  sample  of 
bacteria  that  is  used  in  the  assay.  These  values  are  monitored  and 
compared  to  the  values  cited  by  Ames(2) .  VThen  operating  effectively, 
these  strains  can  detect  substances  that  cause  base  pair  mutations 
(TA1535,  TAIOO)  and  frameshlft  mutations  (TA1537,  TA1538,  and  TA98) . 
During  the  scoring  of  revertant  colonies,  lawns  on  plates  are  examined 
microscopically  (low  power,  lOOX) .  Absence  of  bacterial  lawn  from  a 
test  plate  is  indicative  of  a  toxic  test  compound.  This  suggests 
that  a  retesting  of  the  compound  at  a  lower  concentration  should  be 
conducted.  A  lawn  which  is  more  dense  than  the  negative  controls  is 
suggestive  of  excess  histidine  present  in  the  system.  Finally,  colonies 
scored  as  revertants  are  verified  as  true  revertants  by  transferring 
them  to  a  minimal  glucose  agar  plate  containing  no  histidine  or  biotin. 
Growth  on  plates  following  2A  hr  incubation  at  37C  is  indicative  of 
true  reversion  to  histidine  independence. 

\  Foods  can  and  some  foods  do  contain  chemical  mutagens.  Aflatoxln  8^^ 

may  be  found  in  contaminated  corn  and  peanuts.  With  the  Ames  assay 
100  ng  of  this  toxin  per  plate  generates  1000  histidine  revertants 
j  in  strain  TA100(3) .  This  is  nearly  7  times  the  spontaneous  reversion 

I  rate  for  this  strain.  Other  mycotoxins  have  been  shown  as  mutagens 

I  by  the  use  of  the  Ames  assay. 

\ 

i  Following  negative  tests  for  carcinogenicity  in  rats,  furylfuramide 

(AF2)  was  used  extensively  by  the  Japanese  from  1965-1973  as  an 
antibacterial  food  additive.  In  1973,  it  was  found  to  be  highly 
mutagenic  in  strains  of  coli.  typhimurlum,  yeast  and  Neurospora. 
These  findings  initiated  new  animal  carcinogenicity  tests  which 
'  revealed  this  compound  was  a  carcinogen.  Based  on  these  data, 

Japanese  officials  banned  the  use  of  AF2  in  foods.  It  is,  however, 
still  too  soon  to  tell  if  the  widespread  usage  of  AF2  will  increase 
the  cancer  rate  in  Japan (A)  . 

Nitroso  compounds  are  potent  carcinogens  in  laboratory  animals  and 
many  of  these  compounds  are  detected  as  mutagens  in  the  Ames  test(5). 
The  most  commonly  found  preformed  nltrosoamlne  in  foods  is  dlmethyl- 
j  nltrosamlne  which  has  been  identified  as  a  potent  carcinogen  and  can 

be  isolated  from  hot  dogs,  ham,  bacon,  and  luncheon  meats(6) . 

I 

! 

i 
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EXPERIMENTS 


The  experiments  described  in  this  report  were  undertaken  to  assess 
the  application  of  the  Ames  Salmonella/mammalian  microsome  muta¬ 
genicity  assay  for  detection  of  mutagenic  potential  in  thermally 
processed,  frozen,  electron-irradiated  and  gamma-irradiated  beef. 

The  beef  used  in  these  studies  was  supplied  by  the  US  Army  Natick 
Research  and  Development  Command,  Natick,  Massachusetts  01760  U.S.A. 

Unless  specifically  stated  in  this  report,  all  assays  were 
performed  as  outlined  in  the  following  publication:  Ames,  B.N., 

J.  McCann,  and  E,  Yamasaki,  1975.  Method  for  Detecting  Carcinogens 
and  Mutagens  with  the  Salmonella  Mammalian  Microsome  Mutagenicity 
Test.  Mutation  Research  31:347-364. 

To  parallel  cooking  procedures  in  normal  households,  and  to  avoid 
bacterial  contamination,  the  meats  used  in  these  experiments  were 
prepared  as  follows:  Meat  containers  were  opened  aseptlcally  and 
the  contents  were  transferred  to  sterile  stainless  steel  pans  with 
foil  covers.  Slices  of  meat  approximately  1/2  inch  thick  were 
cooked  for  thirty  minutes  at  170C,  Following  cooking,  meats  and 
their  juices  were  coarsely  ground  in  a  sterile,  hand-operated  meat 
grinder.  The  ground  meats  were  combined  with  sterile  water  on  a 
1:1  weight  basis  and  blended  for  4  minutes  at  high  speed  in  a  com¬ 
mercial  Waring  blender.  Meats  prepared  in  the  foregoing  manner  were 
transferred  to  sterile  containers  and  stored  at  -20C  for  use  in 
the  following  test  procedures. 

UTEST  NO.  1;  Standard  Plate  Incorporation  Test  with  Top  Agar 
Medlf Icatlons  Using  TAIOO 

Meats  contain  varying  quantities  of  bound  and  free  histidine. 

This  experiment  was  designed  to  determine  if  the  free  histidine  in 
the  four  beef  products  would  have  any  effect  on  the  Ames  assay. 

Using  a  Durrum  500  amino  acid  analyzer,  we  determined  the  level  of 
free  histidine  in  the  meats.  The  levels  of  free  histidine  in  the 
meats  were  as  follows:  33.5  ng/g  in  frozen  beef,  26.7  ng/g  thermally 
processed  beef,  30,9  vg/g  electron  Irradiated  beef,  and  26,9  yg/g 
gamma-irradiated  beef. 

METHOD 

The  plate  incorporation  assay  procedure,  using  only  strain  TAIOO 
without  microsomal  activation,  was  performed  on  each  of  the  beef 
samples.  As  a  result  of  the  free  histidine  levels  contained  in 
each  product,  the  level  of  histidine  supplied  in  the  top  agar  was 
reduced  from  0.5  nW  to  0,43  nW,  Additional  top  agar  modifications 
tested  were  0.5  rW  biotin,  0.43  hi8tidlne-0.5  nW  biotin,  and  no 
addition  of  either  histidine  or  biotin.  Meats  were  prepared  for  the 
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assay  by  thawing  the  frozen  stock  and  combining  on  a  1:1  weight 
basis  with  sterile  water.  This  was  followed  by  3  minutes  of  high 
speed  blending  in  a  commercial  Waring  blender.  To  assure  that 
0.05  gm  meat  was  used  in  each  assay,  0.2  ml  of  meat  slurry  was  used 
in  the  plate  incorporation  procedure.  Instead  of  the  0.1  ml  test 
chemical  specified  in  the  assay- directions. 

RESULTS  AMD  DISCUSSIOM 

The  results  of  these  tests  are  incorporated  in  Table  1.  Comparison 
of  the  average  revertant  counts  in  Table  1  with  that  of  the  negative 
control  value  (363)  indicates  that  none  of  the  meats  had  any  mutagenic 
potential  for  strain  TAIOO. 

VJhen  the  amino  acid  histidine  and  the  vitamin  biotin  were  omitted 
from  the  top  agar,  there  was  a  drastic  reduction  in  the  number  of 
revertants  as  compared  to  the  negative  control.  This  reduction  is 
validation  of  the  requirement  for  histidine  and  biotin  for  the 
initiation  of  growth  by  the  revertant  levels  approximating  those 
of  the  negative  control.  This  indicates  that  the  meats  could 
supply  sufficient  histidine  for  growth  Initiation. 

When  only  histidine  was  incorporated  in  the  top  agar,  revertants  of 
TAIOO  treated  with  thermal,  gamma  or  electron-irradiated  beef  numbered 
only  a  third  of  those  when  frozen  beef  was  tested.  The  number  of 
revertants  produced  by  TAIOO  following  treatment  with  frozen  beef 
approximated  those  of  the  control.  These  results  indicate  the 
failure  of  thermal,  electron  or  gamma-irradiated  beef  to  supply 
sufficient  biotin  for  growth  of  the  test  strain.  Apparently  frozen 
beef  is  capable  of  meeting  the  biotin  level  required  by  strain  TAIOO, 

Combination  of  histidine  and  biotin  in  the  top  agar  yielded 
revertants  after  treatment  with  each  of  the  beef  slurries.  The 
numbers  of  revertants  of  TAIOO  treated  with  frozen,  electron  and 
gamma-irradiated  beef  were  less  than  the  negative  control,  while 
the  number  of  revertants  following  treatment  with  thermally  processed 
beef  was  slightly  higher  than  the  negative  control.  This  number  of 
revertants  is,  however,  not  suggestive  of  mutagenic  potential  for 
the  level  is  not  the  suggested  minimum  of  twice  the  number  of  rever¬ 
tants  of  the  negative  control. 

Table  2  shows  the  strain  control  data  for  TAIOD  used  in  this  test. 

The  spontaneous  revertant  levels  suggested  by  the  Ames  Laboratory 
are  shown  in  Appendix  A.  The  control  procedures  performed  on 
strains  not  used  in  the  assay  are  found  in  Appendix  B,  The  revertant 
counts  of  the  negative  controls  are  significantly  higher  than  the 
levels  stated  in  Appendix  A.  This  discrepancy  was  not  immediately 
investigated  but,  in  retrospect  it  was  frequently  observed  when 
strain  positive  and  negative  controls  are  not  done  at  the  same 
time  as  the  test.  Although  the  genetic  markers  of  TAIOO  appeared 
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normal,  its  response  to  the  positive  control  chemicals  was  not. 
N-nethyl-n'-nltro-n-nltrosogurandlne  (!WIC)  shower?  no  mutagenic 
activity  against  TAIOO  (Table  1) ,  Additionally,  when  TAIOO  was 
combined  with  microsomal  activation,  no  mutagenicity  is  seen  with 
2-aminof luorene  (AF) ,  while  only  slight  levels  of  mutagenicity  are 
seen  after  treatment  with  Benzo-a~pyrene  (BP)  (Appendix  B) . 

1  TEST  NO.  2:  Standard  Plate  Incorporation  Procedure  with  TAIOO 
using  a  Water  Slurry  of  a  Whole  Food  Item 

The  plate  incorporation  procedure  was  developed  primarily  to  test 
compounds  soluble  in  one  of  four  diluents:  water,  dimethyl  sulfoxide, 
p-dloxane  or  ethanol.  Histidine  and  biotin  levels  added  to  the  top 
agar  were  not  reduced  In  this  experiment.  This  experiment  was  to 
examine  the  performance  of  a  water  slurry  of  a  whole  food  item  in 
the  presence  of  the  additional  histidine,  biotin,  and  other  growth 
factors  supplied  by  the  meat  slurries. 

METHOD 

Slurries  of  each  of  the  four  beef  products  were  prepared  as 
described  in  Test  1.  Using  the  plate  Incorporation  test  procedure, 

0.2  ml  of  each  meat  slurry  was  tested  against  strain  TAIOO  with  and 
without  the  addition  of  S-9  (microsomal  activation  system). 

RESULTS  AND  DISCUSSION 

Results  for  this  test  are  shown  in  Table  3,  The  average  revertant 
count  of  TAIOO  exceeded  that  of  the  negative  control  by  a  factor 
of  greater  than  2  in  all  cases  except  thermally  processed  beef  with 
activated  TAIOO.  The  high  counts  obtained  in  this  experiment  may 
be  due  to  excess  histidine  in  the  system.  This  excess  of  histidine 
allows  the  bacteria  to  undergo  additional  cell  divisions  and  appear 
as  small  colonies  easily  mistaken  for  revertants.  This  demonstrates 
the  need  to  confirm  these  colonies  as  being  true  revertants  (histidine 
independent) .  Results  of  this  experiment  must  be  questioned  since 
the  positive  controls  did  not  perform  as  expected  with  the  test  strain 
used.  The  response  of  TAIOO  to  MNNG  and  to  AF  indicated  the  strain 
was  not  performing  as  expected.  Table  4  indicates  that  the  bacterial 
strain  used  was  in  possession  of  the  genetic  markers  as  were  the  other 
four  strains  (Appendix  C) . 

f  TEST  NO.  3:  Standard  Plate  Incorporation  Procedure  with  all  5 
Tester  Strains  using  a  Water  Slurry  of  a  Whole  Food  Item 

In  this  experiment,  the  plate  incorporation  procedure  was  used 
with  unaltered  histidine  and  biotin  levels  in  the  top  agar  to 
test  all  four  beef  products  against  all  five  tester  strains. 
Revertants  produced  were  verified  as  true  by  inoculating  on  minimal 
glucose  agar,  then  incubating  and  examining  plates  for  the  presence 
of  growth. 
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Slurries  of  each  meat  product  were  prepared  as  described  in 
Test  Mo.  1.  The  incorporation  procedure  was  performed  with 
0.2  ml  of  each  meat  slurry.  Plates  were  prepared  with  and 
without  the  addition  of  S-9. 

R£SULTS  ANn  DISCUSSION 

Table  5  shows  the  results  of  the  meats  tested  and  Table 
6  displays  the  results  of  the  experimental  controls.  Compared 
with  the  figures  for  the  negative  controls,  the  numbers  of 
revertants  with  nonactlvated  TA1535  was  Just  twice  the  spontaneous 
rate  for  thermally  processed  beef.  The  response  of  TAIOO  to 
positive  control  chemicals  AF  and  MNNG  Indicated  the  strain  was 
not  performing  as  expected. 

In  this  test,  revertant  colonies  were  tested  and  verified  as 
true  revertants  by  their  subsequent  inoculation  onto  minimal 
glucose  plates  without  histidine  or  biotin.  Growth  on  such 
plates  Is  indicative  of  the  return  of  the  organism  to  prototrophy 
and  can  be  used  as  a  quality  control  check.  Due  to  the  difficulty 
in  counting  plates,  this  type  of  quality  assurance  procedure 
should  be  used  when  foods  are  assayed.  When  we  Initiated  this 
procedure,  we  found  9.9%  of  the  colonies  tested  not  to  be  true 
revertants  (Table  7) , 

It  should  be  noted  here  that  plates  produced  with  meat  slurries 
are  quite  difficult  to  read  following  the  48  hour  Incubation 
period.  The  problem  of  discrimination  between  bacterial  colonies 
and  particulate  matter  arises  frequently  in  food  microbiology. 

These  difficulties  preclude  the  use  of  automated  counting  equipment, 
and  make  the  scoring  of  revertants  a  tedious  and  time-consuming  process. 

'  TI'FT  NO.  A:  Assessment  of  the  Mutagenic  Potential  of  2,3,5-Trlphenyl 

Tetrazolium  Chloride. 

Due  to  its  reduction  by  bacterial  action  and  the  formation  of 
red-colored  colonies,  the  chemical  2,3,5-trlphenyl  tetrazolium 
chloride  is  often  added  to  bacteriologic  media  to  facilitate  counting 
colonies  amid  debris.  The  plate  Incorporation  test  was  performed 
to  determine  the  mutagenic  potential  of  this  chemical  before 
incorporating  it  within  the  assay  system. 

METHOD 

In  an  aqueous  solution  of  20  mg/ml,  the  compound  was  tested  against 
the  five  Ames  strains  with  and  without  microscomal  activation  by 
the  plate  incorporation  procedure. 

RESULTS  AND  DISCUSSION 

The  results  of  this  test  and  the  controls  are  presented  In  Table  8. 

When  compared  to  the  average  revertant  counts  of  the  negative  controls. 


2,3,5-triphenyl  tetrazollum  chloride  displays  no  evidence  of  muta¬ 
genesis.  While  the  test  compound  showed  no  evidence  of  mutagenicity, 
its  counts  being  lower  than  those  of  the  negative  controls  may  be 
suggestive  of  toxicity.  Before  being  used  in  the  assay  system,  the 
compound  should  be  retested  at  a  lower  concentration.  The  response 
of  TAIOO  to  the  positive  controls,  AF  and  WING,  was  again  abnormal. 

^ITEST  NO.  5;  Standard  Plate  Incorporation  Procedure  and  Spot  Test 
Procedures  Using  a  Water  Slurry  of  Beef  with  Known  Mutagens  Added, 

In  this  experiment,  the  qualitative  and  quantitative  procedures 
were  performed  on  the  four  beef  products.  Known  mutagens  were 
incorporated  with  each  of  the  beef  products  tested  to  determine  if 
the  meat  slurry  was  capable  of  blocking  mutagenesis  by  binding  the 
mutagen  and  preventing  it  from  entering  the  bacterial  cell. 

METWOD 

In  this  test,  the  qualitative  spot  and  quantitative  plate  incorporation 
techniques  were  used  to  assay  the  meat  products.  In  some  tests,  mutagen 
was  Incorporated  with  the  meat.  When  tester  strain  TA1535  was  used, 

MNNG  without  microsomal  activation  was  the  mutagen  chosen.  Microsomal 
activation  and  BP  were  Incorporated  with  the  meat  and  tested  against 
TA1537,  TA1538,  TA98,  and  TAIOO. 

RESULTS  AND  DISCUSSION 

The  spot  test  results  are  shown  in  Table  9,  while  results  of  the 
plate  Incorporation  tests  are  in  Table  10  and  those  of  the  controls 
in  Table  11. 

Again  it  can  be  seen  that  M^TNG  and  AF  did  not  Induce  mutagenesis  in 
strain  TAIOO.  Dimethy  benzanthracene  (DMBA)  initiated  only  a  slight 
level  of  mutagenesis  in  TA1538 .  VJlth  regard  to  the  negative  controls, 
the  numbers  of  revertants  produced  spontaneously  by  TA98  are  consider¬ 
ably  lower  than  the  range  suggested  by  Ames  et  al (2 ) (Appendix  A), 
Addition  of  microsomal  activation  to  this  strain  results  in  counts 
two  to  five  times  that  of  unactivated  strains.  With  strain  TAIOO, 
the  number  of  spontaneous  revertants  seems  to  have  dropped  to  approxi¬ 
mately  two-thirds  of  the  recommended  levels.  Strain  TA1537  shows 
high  levels  of  revertants  without  use  of  activation  and  when  activation 
is  used,  the  number  of  spontaneous  revertants  nearly  doubled.  Some 
of  the  strain  markers  also  show  irregularities.  Specifically,  these 
are  the  lack  of  sensitivity  to  crystal  violet  and  desoxycholate  dis¬ 
played  by  TA1537  and  TA1538.  TA98  also  produced  an  abnormally  small 
zone  of  sensitivity  to  desoxycholate. 

As  seen  in  Table  9,  the  spot  test  yields  no  hint  of  mutagenic  activity 
with  any  of  the  beef  products,  but  the  lawn  and  revertant  pattern 
were  significantly  changed.  When  mutagen  was  Incorporated  with  the 
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■■’.o',  '  -.urhrr  of  revertants  was 

t-iiMou;-.  overtant  count.  Par- 
•  .  rii'p.r.  product  prevents  usage  of 
:  r.  !'.c  mahe.s  plates  difficult  to 


Figure  5  shows  revertant  colonies  formed  by  TA1538  when  mutagen 
was  combined  with  thermally  processed  beef  and  set  up  by  the  plate 
incorporation  technique.  The  numbers  of  revertants  scored  were 
within  the  range  of  the  number  of  revertants  scored  when  mutagen 
is  tested  alone. 

Figure  6  demonstrates  no  revertant  colonies  appearing  when  a 
wild  type  or  non-mutated  strain  of  Salmonella  typhimurium  is 
used  with  beef  in  the  plate  incorporation  technique. 

The  results  of  the  plate  Incorporation  tests.  Table  10,  of  meats 
without  mutagen  were  suggestive  of  mutagenesis  with  all  four  beef 
products  tested  against  strains  TA98,  TAIOO,  and  TA1535.  Levels 
of  mutagenesis  were  Increased  when  meat  was  combined  with  mutagen. 

It  should  be  noted  that  no  verification  of  revertants  was  done  and 
that  the  strains  were  not  responding  as  expected  during  the  control 
procedures. 

H  TEST  NO,  6;  Pre- Incubation  of  Tester  Strains  with  Mater  Extract 
from  Meats  Processed  by  the  Four  Different  Methods. 

Some  mutagens  cannot  be  efficiently  detected  by  using  the  standard 
plate  incorporation  teat.  They  can,  however,  be  tested  by  using 
a  modification  of  the  test.  The  modification,  called  the  liquid 
pre-incubat ion  assay,  calls  for  the  chemical  being  tested  to  be 
Incubated  with  activated  liver  mlcrosome  preparation  (S-9  mix) 
and  the  bacterial  culture  before  incorporation  into  the  top  agar 
overlay . 

In  this  experiment,  extracts  from  each  of  the  four  beef  products 
were  pre-lncubated  with  each  of  the  five  tester  strains  before 
the  plate  incorporation  assay. 

METHOD 

Meat  extracts  were  prepared  by  blending  a  1  part  meat  and  1  part  water 
slurry  for  3  minutes  in  a  high  speed  blender.  The  slurries  were  then 
centrifuged  at  8,000  for  A5  minutes  at  4C.  The  supernatant  was 
removed  and  referred  to  as  meat  extracts. 

Test  strains  were  grown  in  a  nutrient  broth  for  16  hours  at  before 
being  removed  from  their  growth  medium  by  centrifugation  for  45 
minutes  at  4C,  2,700  The  supernatant  was  discarded  and  the 
packed  cells  Were  resuspended  in  the  original  volume  of  0.9%  saline. 

One  milliliter  of  the  suspension  was  withdrawn  and  plated  for  a 
determination  of  the  initial  viable  cell  population.  The  rest  of 
each  suspension  was  combined  in  each  of  three  following  combinations: 

A,  3  cc  cell  suspension  +  3  cc  meat  extract. 

B,  3  cc  cell  suspension  +  3  cc  meat  extract  +  15  cc  S-9  mixture, 

C,  3  cc  cell  suspension  +  3  cc  0.9%  saline  (control). 
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‘  .  .  'V-;'  .'C't!' lariT  wf^ro  lT!cuV>etpd  for  2  hotirs  at  37C,  Following; 

i'  i  :  t;;o  vlc;t'o  'e’l  count  was  again  determined.  Cells  were 

'-'..'ice  ana  refva. upended  in  saline,  A  final  population  determi- 
i'.pL  i.ar.  was  made  fallowing  washing  and  the  remainder  of  the  suspension 
tor  an  Ames  assay  by  the  plate  incorporation  method. 

..  -  ■  V  .r-  4,  s  r,s  -•  r-  r'7'r  Tf'''’  ■ 

1  t  p  fron  t;-iia  eyperirrent  are  reported  in  Tables  12-16. 

;■  0 :  ■  ow  rvij-,  i.ho  complot.cn  of  this  test  with  its  aberrant  results, 
tne  meat  sli'rrics  were  examined  and  all  were  contaminated  with 
oacterio!  oth.er  than  the  taster  strains.  This  finding  invalidates 
the  evper-ir.cr.tftl  oat  a  and  I'iiustratos  the  fact  that  typhimurlum 
Is  nos.  tVit;  only  bacteriVim  capable  of  initiating  growth  on  minimal 


?f  Pt.andard  Plate  Incorporation  Procedure  with  Top  Agar 
''r:.,  L  r. , o.oti  l’&.i.ng  ahl  ■'  Tester  Strains. 

.'To/.c.r  ■hn  int  a  repent  of  Test  1  in  v;hich  the  levels  of  histidine 
suppl-'ed  to  the  hactoria.l  strain  in  the  top  agar  were  reduced  corres- 
jiotcir.g  to  cne  a.nouur.  of  free  histidine  contained  in  the  meat  product, 

.holh'h': 

neef  product  was  prepared  and  0,2  ml  of  the  slurry 
r-n-toh  '-o;  c’nc  plate  incorporation  procedure  using  0.63  mM  histidine 
c-n:’  m.:'  biotin  in  the  top  agar. 

if  sMov  file  results  of  the  tests  and  controls  in  this 
r-en  .  positive  revertant  rate  was  higher  than  recommended 

.  Cl-  :-,h,  (1 ;  for  TAIOO  and  TA1535.  Strain  TAIOO  demonstrated  no 

'r -'.sis  wi'.e.r.  costed  with  ICHIC  or  BP.  TA153B  showed  no  mutagenesis 

■  n  cc.v  eh  wi  cii  T'-HIA, 

anpecreci  fn  exhibit  toxicity  for  the  test  strains.  This 
•  :  low  levels  of  revertants  scored  with  thermal, 

IV  1  .'T  r -r  n-'i  T’o^d  i.ated  beef  and  strains  TA9R,  TA1533, 

•  ■  ^  '■  h'- j'’ ,  ■''■ar.r'..a-irrad iated  be.ef  showed  the  opposite, 

n '■  r: a-r  levpls  wore  indicative  of  mutagenesis  with  all  strains 

(  r.M '  1  '  wit''iaut  microsomal  activation.  llov7ever ,  there  were 
r./o  hi*.: -ne  t  tvpes  of  colonies  on  the  plates.  Biochemical  identl- 
•;L(,it.1on  completed  on  the  2  types  of  organisms  revealed  one  type 
■  r  ’  :i .  tvoMnurlum  and  the  other  to  be  Klebsiella  pneumoniae, 
r.  V  f  ; nd ?a^s""nTpit ad  any  hint  of  mutagenesis;  however,  they  do 
.  .-,-  5.  I ;•  f.  r,  -ro?'  for  not  only  checks  to  prove  that  revertants  are 

•  bvf  also  the  additional  verification  of  the.  identity  of  the 

orpar  i  •jTi , 
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I'Then  revertants  were  picked  to  minimal  glucose  agar  plates  containing 
no  histidine  or  biotin,  the  majority  of  revertants  grew  on  the 
medium  (Table  18),  except  for  those  revertants  picked  from  plates 
where  gammas Irradiated  beef  was  tested  with  activation.  In  this  case, 
less  than  50%  of  the  revertants  could  be  called  true  revertants.  The 
results  of  these  tests  were  Invalid  and  no  conclusions  can  be  drawn. 

H TEST  NO.  8;  The  Effect  of  Varying  the  Histidine  and  Biotin 
Concentrations  In  the  Top  Agar  when  Testing  Thermal,  Frozen, 
Electron-Irradiated  and  Gamma-Irradiated  Beef. 

This  experiment  was  designed  to  demonstrate  the  effects  of  varying 
the  histidine  and  biotin  concentrations  in  the  top  agar  on  the 
performance  of  the  plate  Incorporation  assay  on  beef  preserved 
by  thermal  processing,  freezing,  or  irradiation  by  electron  or  gamma 
rays. 

A  new  batch  of  cooked  meat  samples  was  prepared.  Containers  of 
thermal,  frozen,  electron-irradiated,  and  gamma-irradiated  beef 
were  opened  aseptlcally  and  emptied  into  sterile  pans.  Meats 
were  cooked  at  170C  for  30  minutes.  Following  cooking,  meats 
and  their  Juices  were  coarsely  ground  In  a  sterile  hand  operated 
meat  grinder.  Coarsely  ground  meats  were  combined  with  sterile 
water  on  a  1:1  basis  by  weight  and  blended  for  four  minutes  at  high 
speed  in  a  commercial  Waring  blender.  Meats  were  transferred  to 
sterile  containers  and  stored  at  -20C  for  use  in  this  and  subsequent 
experiments. 

METHOD 

A  portion  of  each  of  the  meats  prepared  above  was  thawed  and 
combined  on  a  1:1  weight  basis  with  water  followed  by  3  minutes 
of  high  speed  blending.  Of  the  slurry  prepared  from  each  meat, 

0.2  ml  was  used  as  the  test  compound  in  each  plate  incorporation 
Ames  assay.  The  top  agar  used  In  performance  of  these  assays 

1.  0.A3  nW  histidine 

2.  0.5  biotin 

3.  0.A3  mM  histidine  +  0.5  mM  biotin 
A.  Ho  additives 

RESITLTS  AfTD  DISCTTSSION 

The  results  of  these  assays  arc  shown  in  Tables  19-23.  When  the 
bacterial  test  strains  were  supplied  with  only  a  source  of  histidine, 
revertants  were  not  seen  on  the  plates  (Table  1®) .  This  Is  considered 
as  validation  of  the  biotin  requirement  for  growth  of  these  organisms. 
It  Is  also  Indicative  of  the  meats  inability  to  provide  a  sufficient 
quantity  of  this  vitamin.  The  results  seen  In  Ta^le  20  Indicate  that 
If  biotin  Is  supplied,  the  meats  contributed  sufficient  quantity  of 
histidine  to  Initiate  cell  growth  and  revertant  formation.  The 
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revortant.  Te'^ejs  srcn  in  this  table  are  for  tV’.c  most  part  not 
suj'grsr ive  of  mutagenesis.  Those  showing  revertant  levels  suggestive 
of  mut:ij;enr::;is  are  t^iermally  processed  beef,  frozen  beef,  and  ganma 
irradiated  beef  when  tested  against  nonactivated  TA9S  and  gamma 
riradiiated  beef  tested  with  activation  against  TM537.  A  maximum  of 
six  revertant',  from  plate  was  picked  and  all  were  confirmed  as 

true  revertants.  The  revertants  scored  on  plates  when  provided  with 
both  histidine  and.  hiotln  are  seen  in  Table  2],  Meats  showed  r.o 
t:vio.evir.c  of  mutagenesis,  however,  the  fact  that  the  numbers  of 
revertants  wore  less  than  those  of  the  negative,  controls,  may  be 
indicative  of  toxicity  or  of  the  meats  supplying  complex  growth 
factorj.  that  nasit  the  response  because  of  Increased  non-revertant 
gro'.;r:;,  Ai  <  c'no  test  strains  used  in  these  assays  contained  a 
mutation  to  allow  increased  permeability  of  the  cell  wall  by  producing 
;i  di-feettvs  lipopolysacchar Ide  layer.  It  is  possible  that  vylth  this 
mucfi,:ion  some  compound  in  the  meat,  not  normally  able  to  penetrate 
r.'.  e  cell  wa.s  able  to  enter  the  cell  and  produce  death  rather 

chan  a  bacterial  mutation. 

"sole  1.2  shows,  as  expected,  no  revertants  without  an  exogenous 
3-’..rrr;  of  histidine-  and  biotin  in  the  mcditim.  The  positive  controls 
o’  owfd.  ric  riitagenosis  for  TAIL'D  with  AF  or  MMITG;  and  they  showed 
no  -.utagencsls  for  TA153c  with  Af  or  DltBA. 

T”''"  0;  preincubftt  inn  of  Tester  Strains  with  Meat  Extract 

fr.cr,  :".ear;-.  Processed  '^y  heating,  Freezing,  and  Irradiating  with 

■'■'ic.-tron  end:  Gammn  liayr. . 

eerie;;  of  assays  war.  an  attempt  at  performing  the  liquid 
•'-r.-incubat  ion  procedure  with  slurries  of  the  four  types  of 
7  re;;  .-■rved  beef,  similar  to  Test  Mo.  6. 

e  rr.eti;od.s  used  in  this  test  were  the  same  ns  those  reported 
^n-'i  ‘or  in  this  paper  for  "cst  Mo,  h, 

/p-'  fucri'P'-'TO': 

Trd  ’fs  2d-2h  s!iov;  ll.e  results  for  these  assays  and  show  considerable 
difficulties  encounteredi  in  performance  of  the  liquid  prelncuhat ion 
asr.'v  procedure. 

Tab'(  24  indicate;^  t'^at  although  a  sufficient  cell  population  was 
r-":  11  .r.b';  e  for  tent  performance,  the  bacterial  lawns  on  the  assay 
n'i  .tes  wore  al-normal  ,  thus  resulting  In  an  uncountable  set  of  plates. 

'r  "c  :  r,  1  one  can  see  v,>hat  appears  to  he  high  numbers  of  revertants; 
'i.vover,  the  cell  populatlt.n  was  only  about  10  ,  a  figure  far  lower 
;  ’  r, that  recommended  for  the  procedure.  Vihen  fewer  cells  are  present, 
!  ere  is  nore  availalhe  'nistidlne  for  each  cell,  hence  the  background 
lawn  undergoes  nore  than  Just  a  few  generations  and  the  distinction 
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Again  in  Table  26  the  cell  population  Is  lower  than  tbe  reconmended 
10®  cells,  Tbe  revertant  levels  seen  are,  however,  within  the  normal 
range  for  this  strain  and  are,  therefore,  not  indicative  of  mutagenesis. 
The  results  of  testing  the  four  beef  products  against  strain  TA1537 
are  presented  in  Table  27.  The  final  cell  population  was  sufficient 
for  the  assay,  yet  no  lawns  were  seen  on  many  of  the  test  plates.  The 
:'ame  situation  existed  for  strain  TA1538  as  seen  in  Table  28,  Mo 
explanation  for  this  observation  was  apparent. 

»!TEST  no.  10:  Prelncubatlon  of  Tester  Strains  with  Water  Extracts 
of  Thermally  Processed  and  Gamma-Irradiated  Beef. 

The  plates  from  the  preincubated  meat  slurries  were  hard  to  count. 

Thus,  Instead  of  testing  slurries  of  the  meats,  this  experiment  was 
designed  to  test  water  extracts  of  the  thermally  processed  and 
gamma-irradiated  beef  products. 

^^ErHo^ 

Meat  slurries  were  prepared  from  a  1:1  combination  of  each  frozen 
meat  stock  with  sterile  water.  Following  3  minutes  of  blending  at 
high  speed,  the  slurries  were  centrifuged  for  45  minutes  at  40, 

8,000  The  supernatant  was  tested  by  the  plate  incorporation 
procedure  with  altered  levels  of  top  agar  additives. 

RESULTS  Aim  DISCUSSION 

Results  for  these  assays  avid  the  appropriate  controls  are  seen  in 
Tables  29-30.  As  can  be  seen  in  the  table,  if  histidine  at  concen¬ 
trations  of  either  0.43  mM  or  0.5  mM  is  all  that  is  supplied,  true 
revertants  are  not  generated.  TThen  biotin  was  the  only  additive 
supplied,  many  revertants  were  generated  by  both  thermally  processed 
beef  and  gamma- irradiated  beef  in  TA98,  TAIOO  and  TA1538  the  levels 
of  which  were  suggestive  of  mutagenesis. 

Revertants  produced  by  strains  tested  when  supplied  histidine  and 
biotin  were  about  the  levels  of  the  negative  controls.  With  respect 
to  the  positive  controls,  TAlOO  exhibited  no  mutagenesis  with 
AF  or  BP  which  is  suggestive  of  loss  of  enzyme  activity  in  the 
S-9  preparation. 

TEST  NO.  11:  Prelncubatlon  of  Tester  Strains  with  Water  Extract 
of  Frozen  and  Electron  Irradiated  Beef. 

This  series  of  plate  incorporation  assays  was  to  test  water 
extracts  of  frozen  and  electron-irradiated  beef. 

METUOD 

A  water  extract  was  prepared  from  each  beef  slurry  and  used  in  Che 
plate  incorporation  assay  procedure,  as  described  in  '^est  No.  10. 
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nTf^ri'srio” 

31  displays  the  results  of  these  assays.  Table  31  shovs 
t'-.ai  unless  biotin  is  available,  no  cell  growth  took  place  and 
no  revcrCants  are  produced,  V^en  biotin  alone  Is  supplied  with  meat 
.  ..n-ies,  rovertants  were  produced  Indicating  that  the  meats  supply 
some  histidine;  the  level  of  revertants  with  hlotln  alone,  was 
v.npreJ ictable  as  the  revertant  level  varied  from  lower  to  higher 
rhan  expected.  The  levels  of  revertants  produced  when  histidine 
nn.'  biotin  are  supplied  were  quite  high  In  number,  especially 
'■ith  strain  ’^Aino,  Controls  are  shovm  In  "^ahle  32. 

"’'S”'  r.C,  13;  Prelncubatlon  of  Tester  Strains  with  Water  Extracts 
of  Thermally  Processed  and  Gamma-Irradiated  Beef. 

.in  series  of  plate,  incorporation  assays  was  to  test  water  extracts 
o''  cbermally  processed  and  gamma-lrradlated  heef. 

■;T7-pnP 

■  ater  extracts  were  prepared  from  slurries  of  the  meats  as  previously 
described  in  Test  Wo.  10. 

n:-:sn.TS  Aro  discussion 

'■■‘.c  rrsult.s  of  positive  and  strain  control  tests  in  Table  33 
irdiccite  an  apparent  failure  of  the  S-9  mix  enzyme  preparation. 

'"b.p  strain  markers  appeared  to  he  intact  although  TA98  displayed 
a  small  zone,  of  inhibition  to  crystal  violet  indicating  a  loss  of 
onf.itivlty .  Due  to  the  failure  of  the  positive  controls,  the 
..-;ta  in  Table  34  cannot  be  considered  definitive,  but  appear  to 
’^0  consistent  with  those,  obtained  In  Tests  10  and  11. 

'"'"T-T  13:  The  Plate  Incorporation  Procedure  Used  to  Test  the  Water 
"urries  of  Four  Beef  Products. 

V’itri  the  uncertainty  of  the  use  of  the  proper  S-9  concentration  in 
rhe  past,  it  was  decided  to  go  back  and  repeat  some  of  the  experiments 
done  earlier  in  this  study.  This  experiment  was  designed  to  examine 
rhe  performance  of  the  plate,  incorporation  procedure  on  a  water 
■slurry  prepared  from  a  whole  food  item  containing  free  histidine. 

plate  incorporation  test  procedure  was  performed  using  a  water 
slurry  of  each  heef  product.  Concentration  of  top  agar  additives, 
histidine  or  biotin,  were  varied  as  follows; 

1.  O.'i  mU  histidine. 

2.  0.43  histidine  +  0,5  tnM  hlotln. 

3 .  0.5  mM  hlotln. 

4.  0.43  mU  histidine. 
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RESm.TS  Aim  DISCtJSSlOI! 

Tables  35-AO  show  the  results  for  this  series  of  assays.  A  supply 
of  only  histidine,  re(;ardless  of  amount,  was  Insufficient  for  growth 
initiation  of  the  test  strains  used  In  this  assay  (Tables  35  and  38). 

Table  36  shows  that  0,43  mM  histidine  +  0.5  mM  biotin  Is 
sufficient  for  growth  Initiation  and  the  production  of  revertants. 

Of  the  revertant  levels  seen  here,  those  of  strains  TAlOO  and  TA1535 
showed  mutagenesis  with  all  four  beef  products.  Table  40  shows  the 
rate  of  true  revertants.  The  reason  for  the  high  level  of  false 
positives  in  this  test  Is  unexplained  but  It  caused  the  validity 
of  the  data  to  be  questioned. 

When  only  biotin  was  supplied  to  the  strains,  revertants  were  still 
produced,  although  their  numbers  were  somewhat  reduced.  In  Table  37, 
counts  indicative  of  mutagenesis  are  again  seen  with  TAlOO  and  TA1535, 
although  they  are  only  seen  In  thermally  processed  and  frozen  beef. 
These  results  were  again  questioned  because  of  the  high  level  of 
false  positives. 

UTEST  14;  The  Plate  Incorporation  Procedure  Used  to  Test  the  Water 
Extracts  of  Four  Beef  Products. 

METHOD 

Water  extracts  of  the  beef  products  were  prepared  as  described  In 
Test  6. 

In  Table  41,  the  results  of  plate  Incorporation  tests  using  beef 
slurries  with  0.5  histidine  +  0.5  mM  biotin  in  the  top  agar 
can  he  seen.  As  before,  revertant  count  levels  of  TAlOO  and  TA1535 
are  suggestive  of  mutagenesis  with  all  four  beef  products.  Since 
these  plates  had  excess  histidine,  apparent  revertants  may  not 
have  been  more  than  overgrown  lawn  In  light  of  the  high  levels 
of  false  positives  previously  reported. 

Table  42  shows  the  results  of  plate  Incorporation  assays  with 
water  extracts  of  the  meats.  These  results  reveal  that  counts 
for  TA1535  are  Indicative  of  mutagenesis  with  all  four  beef 
products  as  are  those  for  TA1538  and  some  of  the  counts  for  TA98 
and  TAlOO. 

The  controls  In  Table  43  show  the  strains  to  be  In  possession  of 
their  markers  and  the  positive  controls  to  Induce  mutagenesis. 
Although  the  level  of  revertants  of  TAlOO  with  AF  is  low,  this 
level  Is  appropriate  for  the  mixture  used.  The  results  of  this 
experiment  point  out  the  need  to  verify  a  representative  portion 
of  revertants  at  random.  However,  no  verification  of  revertants 
was  done. 


*  TEST  15:  The  Plate  Incorporation  Procedure  Used  to  Test  Water 
Extracts  of  Beef  Processed  Four  Different  Ways. 

This  experiment  was  designed  to  determine  if  the  apparent  mutagenesis 
seen  with  the  water  extracts  of  the  four  beef  products  could  be 
validated . 

METOOD 

The  plate  incorporation  assays  were  performed  on  water  extracts  of 
the  meats  prepared  by  centrifuging  the  slurries  and  testing  the 
supernatant . 

RESULTS  AND  DISCUSSION 

Tables  4A  and  45  show  the  results  and  indicate  mutagenesis  In 
TAIOO,  TA1535,  TA1538,  and  TA98.  These  results  should  be 
questioned  due  to  the  fact  revertants  were  not  verified.  In 
addition,  spontaneous  revertant  levels  seen  In  Table  45,  which 
indicate  TAIOO  was  producing  only  half  the  number  of  revertants 
in  the  range  suggested  by  Ames  et  al(2) . 


CONCLUSIONS 

Considerable  difficulties  were  encountered  in  the  performance  of 
the  Ames  Assay  with  a  whole  food  item.  Meats  contain  histidine  as 
well  as  other  chemical  complexes  which  interfere  with  the  test. 
Consequently,  the  Ames  Assay  was  inappropriately  applied  to  the 
meet  items,  and  chat  the  resulting  data  are  of  limited  value  in 
assessing  the  mutagenic  -'Otentlal  of  meat  items.  Nonetheless, 
it  is  also  our  opinlor,  at  the  tests  conducted  do  not  indicate 
mutagenicity  of  any  of  the  meat  products  or  processes. 

PvECOMMENDATIONS 

Recommend  complex  compounds,  such  as  meats,  be  fractionated  and  the 
individual  fractions  be  tested  so  that  complications  resulting  from 
excess  histidine  and  other  growth  factors  can  be  eliminated. 
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Appendix  A.  Suggested  spontaneous  revertai.t  level 


Strain 

Average 

Range 

TA1535 

20 

10-35 

TA1537 

7 

3-15 

TA1538 

25 

15-35 

TAIOO 

160 

120-200 

TA98 

40 

30-50 

SOURCE:  Reference  2,  Method  for  Detecting  Carcinogens 

and  Mutagens  with  the  Salmonella/mammallan  Mlcrosome, 
by  Ames  et  al. 
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Appendix  B.  Supplemental  Information  for  Test  1 


1,  Strain  control  for  test  strains  not  used  In  Test  1 


Sensitivity  to 


Strain 

Histidine 

Requirement 

Amplclllin 

Resistance 

UV 

Crystal 

Violet 

Desoxycholate 

Spontaneous 

Revertants 

1535 

+ 

NT 

+ 

13 

mm 

17  mm 

11 

1537 

+ 

- 

+ 

16 

nm 

20  mm 

16 

1538 

+ 

NT 

+ 

19 

mm 

20  mm 

17 

98 

+ 

+ 

+ 

16 

mm 

17  mm 

42 

WT 

NT 

_ 

8 

mm 

9  mm 

N/A 

2 .  Positive  controls  for  tester  strains  and  treatments  not  used  In  Test  1 
Strain  98A  1535  1537A  1538A  lOOA 


Control  Chemical 


AF  2  pg/plate 

284,283 

281,326 

439-439 

(284) 

(304) 

(439) 

MNNC  20  pg/plate 

3181,3089 

(3135) 

DMBA  20  yg/plate 

347,345 

196, 138 

1833,1716 

(346) 

(167) 

(1774) 

BP  2  pg/plate 

511,743 

196,189 

322,287 

988,979 

(627) 

(192) 

(304) 

(984) 

-  “no  S-9  or  negative  response  (as  appropriate) 
+  ■  S-9  or  positive  response  (as  appropriate) 

0  ■  average 

A  =  Activation  with  S-9 
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Appendix  B.  Supplemental  information  for  Test  I  (Cont'd) 


Strain 

3. 

S-9 

Negative  controls  for 

tester  strains  not  used 

in  Test  1 

98 

1535 

1537 

1538 

Count 

58,73 

85,74 

24,26 

48,28 

(66) 

(80) 

(25) 

(38) 

+ 

81,75 

145,143 

23,25 

55,69 

(78) 

(144) 

(24) 

(62) 

-  “no  S-9  >  V  ncj^ative  response  (as  appropriate) 
+  “  S-9  or  positive  response  (as  appropriate) 

0  =  average 
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Appendix  C.  Supplemental  information  for  Test  2 


1.  Strain  control  for  tester  strains  not  used  In  Test  2 


Sensitivity  to 


Strain 

Hist Id Ine 
Requirement 

Ample 111 In 
Resistance 

UV 

Crystal 

Violet 

Desoxycholate 

Spontaneous 

Revertants 

1535 

+ 

NT 

+ 

14  mm 

15  mm 

20 

1537 

+ 

- 

+ 

18  mm 

30  mm 

17 

1538 

+ 

NT 

+ 

21  mm 

29  irnn 

14 

98 

+ 

+ 

+ 

15  mm 

17  mm 

37 

WT 

NT 

NT 

NT 

N/A 

2.  Poaltlve  controls  for  teeter  strains  not  used  In  Test  2 
Strain  98A  1535  1537A  1538A 


Control  chemical 


AF 

254,256 

214,184 

2  pg/plate 

(255) 

(199) 

MNNG 

1296,834 

20  yg/plate 

(1065) 

DMBA 

170,246 

55,36 

20  pg/plate 

(208) 

(46) 

BP 

312,264 

77,72 

85,127 

2  pg/plate 

(288) 

(74) 

(106) 

-  “no  S-9  added  or  negative  response  (as  appropriate) 
+  “  S-9  added  or  positive  response  (as  appropriate) 

()  “  average 
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Appendix  C.  Supplemental  Information  for  Test  2  (Cont'd) 


3 .  Negative  control  for  tester  strains  not  used  In  Test  2 


Strain  S-9  98 


1535  1537  1538 


Ccunc  - 

25,29 

16,12 

4,9 

12,9 

(27) 

(14) 

(6) 

(10) 

-f 

61,58 

11,22 

9.6 

40,33 

(60) 

(16) 

(8) 

(36) 

no  S-9  added  aeguLive  response  (ns  .eiropr  i n  t e ) 
•s  *  S-9  added  or  positive  iH‘S'|H)nse  (as  a  |)propr  ia  t  e ) 

O  average 
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TABLE  5.  Plate  Incorporation  Test  of  Beef  using  5  Tester  Strains  with  and  without  Microsomal  Activation 


37.42,51  323,391,391  28,15,29  0,3.6  14,11,12 

(43)  (368)  (24)  (  3)  (12) 
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TABLL  11.  Test  Number  5,  Standard  Plate  Incorporation  and  Spot  Test  Procedure  I.'slnp  a  Water  Slurry 
of  Beef  with  Knovm  Mutagens  Added 


TABLE  13  ,  Preincubation  Test  of  Beef  using  Strain  TA  1537 
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TABLE  17.  Plate  Incorporation  Test  of  Beef  Using  Top  Agar  with  0.43  mM  Histidine  +  0.5  mM  Biotin 


Estimated  values 


TABLE  19 .  Plate  Incorporation  Test  Using  Top  Agar  Containing  0.43  mM  Histidine  and  No  Biotin 


TABLE  22.  Plate  Incorporation  Test  Using  Top  Agar  h’ithouc  Histidine  or  Biotin 
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TABLL  28.  Preincubation  Test  of  Beef  using  Strain  TA  1538 
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Table  32  Plate  Incorporated  Test  of  Beef  with  Altered  Levels  of  Histidine  and  Biotin  In  Top  Agar 
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TABLE  32.  Controls  for  Test  11 


0.5  ml  S-9  Mix  Added/Plate  or  positive  response  (as  appropriate) 
No  S-9  Mix  Added  or  negative  response  (as  appropriate) 


Flrit*-*  Incorpur.it  ion  Tost  ot  Hoet  with  Altered 


Lawn  it  Revertants  indistinguishable 


Strain  Control 


0,5  ml  S-9  Mix  Added/Plate 
No  S-9  Mix  Added 


TABLE  35.  Plate  Incorporation  Test  Using  Top  Agar  Containing  0.5  mM  Histidine 


TABLE  J7 :  Plate  Incorporation  Test  Using  Top  Agar  Containing  0.5  mM  Biotin 


A 


44,32,J2  17b,lj7,lbb  24,14,23  8,1,4  2b, Id, lb 

(3b)  (173)  (20)  (4)  (ly) 


TABLK  33.  Plate  Incorporation  lest  L'sinp  Top  A-’an  Co  -  alning  0.43  nM  Histidine 
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TABLE  41.  Elate  Incorporation  Test  of  Beef  Usin[-  Top  A-ar  Containing  0.5  ail  ilistiUiue  +  0.3  mH  Biotin 


m 

CM 

•H 

00 

CO 

m 

00 

fH 

fH 

fH 

CM 

CM 

•H 

CO 

• 

•*  r— V 

y*N 

«»  yr^ 

•  /"N 

•  y^ 

•  y*>. 

»  y-N 

00 

•> 

m  sO 

00  O 

00 

O 

cn  cn 

<r  Mf 

<0  CO 

H  sO 

m 

rH  ^ 

•H  CM 

fH  <H 

fH  fH 

CM  CM 

CM  CM 

CM  CM 

rH  rM 

m 

*  Nw' 

* 

•> 

*  'wT 

*  'wf 

*  'wf 

«k  'mT 

* 

•k  >H 

•H 

rH 

r^. 

o» 

cn 

CM 

CO 

MT 

O 

o 

rH 

CM 

CM 

CM 

CM 

rH 

fH 

o 

O 

o 

r>» 

MT 

fH 

Px. 

m 

fH 

CM 

CO 

• 

• 

«* 

y-N 

•  y^N 

•f  y*N 

•k  y-N 

*  yH 

*k  y> 

• 

m  so 

r>'. 

O'  m 

P'-.  P-" 

cn 

OO 

m  '.o 

CO  CO 

m  -3- 

oc 

m 

* 

«  w 

*  N«rf 

*  'WT 

•k  SmT 

«k  N-yf 

•  ki— ff 

ik  >>_y 

•k  w 

> 

cn 

sO 

CM 

cn 

fH 

•o 

CO 

m 

m 

< 

0) 

u 

CO 

CM 

CM 

fH 

rH 

p*.. 

CO 

o^ 

rH 

r>. 

CM 

cn 

in 

CM 

CO 

y: 

* 

♦ 

«»  y-\ 

#*  y^ 

•k  /r*\ 

«k  y-s 

•k  yH 

c 

O  f-t 

O  ^ 

M5  O 

cn  in 

cn  so 

O'  o 

O'  CO 

•o  m 

CO  O 

0) 

•H 

fH  f-H 

pH  fH 

pN. 

CO  m 

cn  cn 

CM  CM 

-'3'  *0 

CM  CM 

CO  ^ 

Cl4 

(0 

in 

*  'w' 

*  'wT 

* 

* 

»  'w' 

•k  >M>f 

•k 

•k  kw* 

•k 

u 

<r 

o 

O' 

CM 

Pk. 

o 

'.3- 

CO 

u 

rH 

fH 

sO 

>3- 

cn 

CM 

CM 

CM 

>3 

u 

c/: 

C 

u 

U 

> 

sO 

O' 

vT) 

Mf 

CM 

O 

fH 

ro 

in 

01 

m 

''3“ 

rH 

MT 

o 

sO 

CO 

o 

a; 

fH 

cn 

cn 

CM 

CM 

CM 

CM 

PM 

#« 

*> 

•  y*s 

^  yris 

•'  y“s 

•k  y*s 

•k  y-s 

Q 

sO  ''3* 

O'  fn 

sO  O' 

«'3’  O' 

cn  CO 

o  in 

•"3  fH 

'3'  CM 

CO  m 

O  1 

{"«.  m 

O  O 

m  o 

o  o 

tn  m 

^  O 

CM  CO 

fH  CO 

iH  fH 

cn  cn 

CM  CM 

CM  CM 

CM  CM 

CO  CM 

CM  CM 

PM  CM 

1 

1 

*  w 

*  >«rf 

*  N»f 

*  MuT 

«k 

«k  iwr 

•k  SmT 

<k  VmT 

«k  Svf 

O 

o 

o 

O 

CO 

O 

CM 

m 

cn 

o 

o 

o 

cn 

O 

CM 

MT 

.H 

m 

cn 

cn 

CM 

CM 

PM 

CO 

rH 

r>. 

CO 

Mf 

ps. 

O 

O 

rH 

pk. 

CO 

CN 

vO 

Mr 

p«. 

MT 

m 

CO 

•>  /— s 

• 

•* 

•  y*s 

•  y— > 

•  y~s 

•*  yr*v 

*■  /T-S 

•>  y^ 

CO 

•H  r'* 

in  CM 

o  m 

O  mT 

p^  in 

CM  m 

vO  00 

pk*  rH 

•3  O 

O’ 

><r 

cn  cn 

p>.  p'*. 

\3  m 

\0  P^ 

MT 

Mr  -3* 

m  in 

m 

•<  NMf 

•« 

•>  Viaf' 

•k  VH 

•  S.yf 

•k  N.y 

•k  k^y 

o 

n 

pN. 

O' 

CM 

O' 

m 

P-. 

n 

m 

pN. 

m 

00 

m 

-3’ 

m 

m 

X 

•H 

•o 

r 

0) 

T3 

1  1 

+ 

( 

+ 

1 

+ 

1 

+ 

1 

O’' 

-3 

1 

< 

cn 

'O 

0) 

-o 

VM 

“O 

o 

< 

rH 

fH 

fH 

rH 

0 

S 

5 

E 

ij 

T3 

c 

3 

CM 

CM 

CM 

CM 

3 

3 

X- 

X. 

• 

• 

• 

• 

0 

O 

O 

o 

O 

O 

E 

a 

6 

o 

CJ 

"O 

c 

3 

o 

1; 

u> 

o 

c 

C 

CQ 

CQ 

CQ 

Oi 

a 

o 

'j 

ca 

M 

M 

H 

0 

TT. 

X 

P 

t«-  H  3 

'O 

W 

U 


35,36,38  314,267,257  26,33,17  9,1,7  17,16,26 

(36)  (279)  (25)  (6)  (20) 


TABLE  U2,  Plate  Incorporation  Test  of  Water  Extracts  of  Beef  Usinp  Top  Apar  with  0.5  mM  Histidine  4-  0.5  mM  Biotin 
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TABLE  43,  Control  for  Plate  Incorporation  Tests  of  Beef  and  Water  Extracts  of  Beef 
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TABLE  44.  Plate  Incorporation  Test  of  Water  LaiCracts  of  Beef 
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